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????? [3, 4, 5, 6]??????? (????)×(??)×(???) ? 3???????
? [7, 8]???????? (??)×(??)×(???????)×(??)? 4???????
????????? [9, 10, 11, 12]????????????????????????
????????????????????????????????????????





??????????????????? [13, 14, 15]???????????????
????????????????????????????????????????
?????????????????????????????????????????
Tucker ??? CP ?????????????????????????? (Singular
Value Decomposition: SVD) [16]?????? (Principal Component Analysis: PCA)
[17, 18]??????? (Independent Component Analysis: ICA) [19, 20]??????






(Self-Organizing Map: SOM)[22, 23, 24, 25]???????????????????






















???????????????????? (Generative Topographic Mapping:
GTM)[26, 27] ?????????????????????????????
??????? TSOM ?????????????????? Tensor GTM
(TGTM)??????????
??????????????????????????????????????





















??????????????? 3??? TSOM ? TGTM ????????????
? 4???????????????????????TSOM???????? TSOM
? TGTM???????? 5??????????????????????????
?????? TSOM ??????????????????? 6??? TSOM ???














?M ???????????? M ???????????????????????





?????????????? R ????x, y ?????????????????
? d, i, j, k, l,m, n??? D, I, J,K, L,M,N ????????????????? N?
????????????????????????????????????????































?? A ?? (i, j) ??? aij ??????????aijk ? 3 ?????? A ??
(i, j, k)?????????M ???????A?? (k1, k2, · · · , kM )??? ak1k2···kM
????k = (k1, · · · , kM)???? ak ?????
???????????MATLAB???????????????? xi: ? x:j ??











????????xij: ? 3??????X?? 3??????????????????
??M ???????????(M − 1)??????????????????????
???? A::i:: ? A?? 3 ????? i ?????????????????????





?????-???? ×m ?????????? M ????? X ∈ RI1×···×IM ???
A ∈ RJm×Im ??m???????-????






10 ? 2? ????
????Y ?M ??????????Y ∈ RI1×···×Im−1×Jm×Im+1×···×IM ????
????-????M = 2????????X???X?????????????
????????????????????? X ∈ RI1×I2?A ∈ RJ1×I1?B ∈ RJ2×I2
?????














???X ∈ RI1×···×IM?A ∈ RJn×In?B ∈ RJm×Im(??? n = m)?C ∈ RKn×Jn ?
????????-??????? 2???????? [16]?
(X×n A)×m B = (X×m B)×n A = X×n A×m B (2.5)
(X×n A)×n C = X×n (CA) (2.6)
(2.3)-(2.5)??????????????-?????????????????
X = UΣVT = Σ×1 U×2 V (2.7)
??????????????????????????Tucker????? CP???
??????????????????????????????????
??M ???? {A} = {A(1), · · · ,A(M)}?????????X? {A}?????
???????????-????
X× {A}  X×1 A(1) ×2 · · · ×M A(M) (2.8)
??????m?????????????????????-????











??? [13, 14, 16, 29]????? 3??????X???? Tucker???
X  A×1 U(1) ×2 U(2) ×3 U(3) (2.10)



















?????? Jm ≤ Km ????????? 2.3????(2.10)? (2.7)? 3?????
??????????????? {U} ????? (??????) ?????????
A ????? (all-orthogonality)?????? Tucker ?????????? (Higher-
Order Singular Value Decomposition: HOSVD)????? [16]??? (2.10)? 3??
???????????????????????????? Tucker3????????
? 3?????? X? 1????????? 2????? X  A ×1 U(1) ×2 U(2) ?
???????? Tucker2?1????????? 1?????X  A×1 U(1) ???

















?????????? J1 = J2 = J3 ??? j1 = j2 = j3 ???? aj1j2j3 = λj???




*3 ?? CP ???????????????tensor rank decomposition?canonical polyadic decom-
position?parallel factor analysis: PARAFAC?canonical decomposition: CANDECOMP ??
??????????? canonical polyadic decomposition ???? CANDECOMP/PARAFAC
decomposition???? CP??????????











??? aj1j2j3 = 0?????????????????? CP????? Tucker ??






2.2 ???????? (Self-Organizing Map: SOM)
?? SOM???????????????????????Ω??????????
???????????? ω ∈ Ω?????????????? x(ω) ∈ X ?????
2.2 ???????? (Self-Organizing Map: SOM) 13
?? X ?????????????????? D ????????????????
X = RD ?????? ΩS = {ω1, · · · , ωN} ⊂ Ω ?????????????????
??????????????????????? ωn ???????????? xn: ?
??????????????????????????? X = (xn:)? N ×D???
??????????????????????????????
SOM???????????????xn: ????? zn: ∈ Z ??????????
f(z) : Z −→ X ????xn: = f(zn:) + ε????????????????? ε? D
?????????????????? Z ??? L???????? D ???????
SOM???????xn:  f(zn:)????????????????????????
{zn:}?????? f(z)???????????????????? Z ???????
?????????????????????????????????????Z ??
???? RL ???????? 2???????????????????? z????
?? Z = [−1, 1]L ⊂ RL (L = 1 or 2)??????????????????????
??????????????????SOM???????? 2.5(a)????
??? SOM ??????? f(z)????????????? Z ? K ??????
?????????????ζk: ?? k ???????? Z ????????????
?????? k ?????????????????????? yk:  f(ζk:) ????
K ????????????????Y = (yk:)???????yk: ?? k ?????
??????? X ??????????????????????????SOM???
??????? 2.5(b)????
SOM ?????????????????? (EM ??????) ???????E
????? M ????????????????????????????????
[35, 36]???? SOM ?????????????????????????????
?????
E????




‖xn: − yk:‖2 , (2.14)
bkn = δ(k, k
∗
n). (2.15)





? 2.5 SOM?????(a)SOM ?????????????? zn: ?? f(z) ??
?????????????? ε?????????? xn: ????????????
SOM????????? xn: ???? f(z)????? zn: ???????????
??(b)SOM ????????????????????????????????
????????????????????????????????
??? B = (bkn) ∈ RK×N ?????????????????? δ ????????








σ(t) ????????????? t ???????????????????????
???????????????????????????????????????
??????? B????? H?????????? R ∈ RK×N ?????????
???
R = HB. (2.17)










R˜ = G−1R. (2.19)











Y = G−1RX = R˜X (2.21)
???????????-????????????(2.21)?




???????????SOM???????????????????? [35, 36, 37,
38, 39]?






hkk∗n ‖xn: − yk:‖2 (2.23)
M???? (2.21)?????????????? Y ???????????? ∂F∂Y = 0






hkk′ ‖xn: − yk:‖2 . (2.24)
?????? SOM ???????? (2.14)? (2.24)???????????????
????????????????????????????????????????
16 ? 2? ????
???????????????????????????????????? F ??
??? σ ??????????????? F ????????????????
2.2.1 ????? SOM
??? SOM???????K ????????????????? f(z)?????
????????????????????????????????????????







????????????????????????????W ∈ RJ×D ????





















?????? SOM???????? E????? (2.14)????????????
k∗n = argmin
k
∥∥xn: −WTφ(ζk:)∥∥2 . (2.27)
2.2 ???????? (Self-Organizing Map: SOM) 17



















?? J ×N ?? Q˜?????????
Q˜  Φ#GR˜ = (Φ
TGΦ)−1ΦTR. (2.31)
??? (2.30)?
W = Q˜X (2.32)
??????????????? (2.21) ??????????? (2.32)???????
Y? R˜?????W? Q˜??????????????
E ????? (2.27) ??????? SOM ???? K ?????????????
???????????????????????????????????????
???????????????????En(z) = ‖xn −Wφ(z)‖2 ????????


















M???? (2.30)????????? Φ#G ???????????????????
????????????????????????????????k ???????
???? gkk ????? Pk ????
1
N
gkk  Pk ?????????????????













?? ΦTΦ = I??? Φ# = ΦT ???????????????????????
2.2.2 ?????? (Generative Topographic Mapping: GTM)
GTM??????????????????????????SOM???????














?? β ?????????????? σ2 ???????SOM ?????E ????
??????????????????? GTM ?? M ?????????????
??????????????????? GTM ?????????? Radial Basis































?? ΦΦT = H???????RBF?? GP??????????
????????????????????? MAP ??????????GTM ?






??????????? Tensor SOM (TSOM)?????????????????
???????????????????????????????? 2???????
?????? TSOM ???????????????? 2 ????????????
? TSOM ? TSOM-R2 (Tensor SOM for 2-mode Relational data) ????????
?M ???????????????????TSOM-RM ????????????
????????????????????????????????????????















1 , · · · , ω(item)N2
}
??
???????? x ∈ RD ???????? 2??????????? (ω(user), ω(item))






20 ? 3? Tensor SOM: TSOM
TSOM-R2 ?? 2????????? 2?????? z(1) ∈ Z(1), z(2) ∈ Z(2) ???
??????? f ?????????????????? TSOM-R2 ?????
























3 ????? Y ∈ RK1×K2×D ??????TSOM-R2 ?????????? 3.1(a)?
???
TSOM-R2 ?????????????????????????????????
???????????????????? f ???????????? Y ?????












?????????????????? {xn11:, · · · ,xn1N2:}????????????




















∣∣∣ω(1)n1 )????????????????? U(1)n1:: ? 3?????




















in the latent Spaces
Slice manifolds and 
an instance manifold
(b)












? 4 ?????????????????????? 3 ?????????????










































22 ? 3? Tensor SOM: TSOM
?????????? ω(1)n1 ?????????????? U
(1)
n1:: ??????????



























R(1) = H(1)B(1) (3.8)
R(2) = H(2)B(2). (3.9)
































??? d (k, k′)????????????????????(2.18)?(2.19)??????






























U(1) = X×2 R˜(2) (3.16)
U(2) = X×1 R˜(1) (3.17)


















































Y = U(1) ×1 R˜(1). (3.22)
?????????????????












1 , · · · , ω(m)Nm
}
?????????? D ??????













???????????????????? (M + 1)??????X????????
24 ? 3? Tensor SOM: TSOM
TSOM-RM ??????????????? X??????????M ?????
????????????????????????????????TSOM-RM ??
M ??????
{Z(1), · · · ,Z(M)}??????????????M ????????
????????? f
(
z(1), · · · , z(M))??????????????????
xn1···nM :  f
(





??????? SOM?????????? D ???????? L????????
???????????????????????????????????????


























????? (M + 1) ?????
????????????? (N1 × · · · × NM × D)?(K1 × · · · × KM × D) ???
(K1 × · · · ×Km−1 ×Nm ×Km+1 × · · · ×KM ×D)????
E????












































×−m ? 2 ?? (2.9) ?????????? m ??????????????????
???-?????????? E ????? M ??????????????????
???
??? (3.30)? (3.31)?????????????????????? (M + 1)??
??????????????????-????M2 ???????????????
M = 4????(3.30)? (3.31)?
Y = X×1 R˜(1) ×2 R˜(2) ×3 R˜(3) ×4 R˜(4) (3.32)
U(1) = X×2 R˜(2) ×3 R˜(3) ×4 R˜(4) (3.33)
U(2) = X×1 R˜(1) ×3 R˜(3) ×4 R˜(4) (3.34)
U(3) = X×1 R˜(1) ×2 R˜(2) ×4 R˜(4) (3.35)
U(4) = X×1 R˜(1) ×2 R˜(2) ×3 R˜(3) (3.36)
??????? 16? (= 42)?????-?????????????????????
??????????? 
M log2M + 1???????????? (??? 
x? ceil
?????????????????????)?
????????????M = {1, · · · ,M}???????M??????M′ ?
?????????????X?????? {A}????????????????-
???????????????????????M′ ????X×M′ {A}?????
????????X×2 A(2) ×4 A(4) ≡ X×{2,4} {A}????
26 ? 3? Tensor SOM: TSOM












????????? P(M′ + {m}) = P(M′) ×m R˜(m) ?????????? (???
m ∈ M′)???Y = P(M)?????????U(m) = P(M\{m})????????
(3.32)-(3.36)??????????????????
P ({1, 2}) = X×1 R˜(1) ×2 R˜(2) (3.38)
P ({3, 4}) = X×3 R˜(3) ×4 R˜(4) (3.39)
U(1) = P ({3, 4})×2 R˜(2) (3.40)
U(2) = P ({3, 4})×1 R˜(1) (3.41)
U(3) = P ({1, 2})×4 R˜(4) (3.42)
U(4) = P ({1, 2})×3 R˜(3) (3.43)
Y = U(1) ×1 R˜(1). (3.44)
????????????????????????????????????????




??????????? {R} = {R(1), · · · ,R(M)}?????????????????
?????X?Y ??????????????????



































⎞⎟⎟⎠ ‖xn1···nM − yk1···kM ‖2 .
(3.46)
3.3 TSOM-RM ????????? 27
??? E(−m) (X,Y; {R})?Km ×Nm ?????????????
????????????????????TSOM ???????????????
??????
F  − 1
2N











? (2.23)?????M ????????????????? (3.47)???? m???
??????????????????
























M = 3???? 1??????????? (3.47)?? (3.48)???????????
???????????? (3.47)?















‖xn1n2n3 − yk1k2k3‖2 (3.49)
???????????????????????














k3n3(∥∥∥xn1n2n3 − u(1)n1k2k3∥∥∥2 − ∥∥∥u(1)n1k2k3 − yk1k2k3∥∥∥2) (3.50)
???U(1) ???????????? 1??????????

















(∥∥∥u(1)n1k2k3 − yk1k2k3∥∥∥2 + ∥∥∥xn1n2n3 − u(1)n1k2k3∥∥∥2)
⎫⎬⎭
(3.51)
28 ? 3? Tensor SOM: TSOM
????(3.46)??












































































































M ?????? (3.47) ? Y ???????????? (3.30) ?????????
SOM???? ∂F∂Y = 0???Y????????
3.4 ????? TSOM-RM 29
3.4 ????? TSOM-RM
???????M ??????????????????????????????































∈ RK×J ?????? Y  W × {Φ}?????
????????????????Y ∈ RKM×D ?????????????????
?????????????????W ∈ RJM×D ????????????????
???? Y ?W ?? (J/K)M ????????????????????? m??
????????????U(m) = V(m) ×−m {Φ}?????????V(m) ????






D2 (f1, f2) =
∫
‖f1(z)− f2(z)‖2 p(z)dz (3.58)
??????? p(z) ???????????????? K ????????????
??????? y1k  f1(ζk)?y2k  f2(ζk) ?????????? f1?f2 ?????
30 ? 3? Tensor SOM: TSOM
Y1 = (y1k)?Y2 = (y2k)????????
D2 (f1, f2) 
K∑
k=1
‖y1k − y2k‖2 = ‖Y1 −Y2‖2 (3.59)






D2 (f1, f2)  ‖Y1 −Y2‖2 = ‖W1 −W2‖2 (3.60)
????(3.60) ???? (3.59) ?????? (J/K) ??????????????








(m)), · · · , φ(m)J (z(m))
}
?








Y  W ×1 Φ(1) ×2 · · · ×M Φ(M) = W × {Φ} . (3.61)
??????????????W ????????? Y ????????????
?????? m???????????????? T(m) ?????????W ??
???m??????????????????????
T(m) W ×m Φ(m) (3.62)
?????????m?????????????????????
U(m) = V(m) ×−m {Φ} (3.63)




???????? ∥∥∥U(m)n(m) −Yk(m)∥∥∥2 = ∥∥∥V(m)n(m) −T(m)k(m)∥∥∥2 (3.64)
????(3.64)? (3.25)?????????M????????W? {V}?????
????????????????????????? KM−1 ×D ?????????
3.4 ????? TSOM-RM 31
?? JM−1 ×D ??????????????????????E?????????
?????????????????????????????????? E ????




































































??????? E(m)n (z(m)) 
∥∥∥V(m)n(m) −W ×m φ(m) (z(m))∥∥∥2 ????
??????????????? R(m)?????????G(m) ?????????


























T(m) = W ×m Φ(m). (3.71)
???????? TSOM-RM ???????????








??? TSOM-RM ??????????????????????SOM ?????
???????????????????????????????????????























???????????????? SOM ??????????????? t ??
???
σ(t) = max [σ0(1− t/τ), σ∞] (3.72)
??????????????????
σ(t) = (σ0 − σ∞) exp (−t/τ) + σ∞ (3.73)




3.6 Tensor GTM: TGTM
??????????????????????????????????????
?????????????? SOM ???????????? GTM ???????
34 ? 3? Tensor SOM: TSOM
????? Tensor GTM (TGTM) ?????? M ?????????? TGTM ?
TGTM-RM (Tensor GTM for M-mode Relational data)?????????
























z(1)n1 , · · · , z(M)nM
)
+ εn1···nM . (3.74)
??? y?????????? Z(1) × · · · × Z(M) ?????? X ∈ RD ??????




?????? (M + 1)?????????X = (xn1···nMd)????????
????????? RBF???????????????????
Y = W × {Φ} (3.75)







p {W} = N (W ∣∣O−1,L) (3.76)
L = (λ1IK1) ◦ · · · ◦ (λM IKM ) (3.77)
??????? ◦ ??????????? X ∈ RK1×···×KM ? Y ∈ RJ1×···×JN ?
?????? Z = X ◦ Y ? Z ∈ RK1×···×KM×J1×···×JN ??????? zkj = xkyj
????(3.76) ?? W ??????????????????? p(wj1···jMd) =









?????? β ?????? X????????????TGTM-RM ???????



















? 3.2 (a) TGTM-R2 ??? 2?????????????? (?????????












rkn ln rkn ln p(W) (3.78)







36 ? 3? Tensor SOM: TSOM

























‖yk1k2k3 − xn1n2n3‖2 + const . (3.80)

































??????????? TGTM-RM ?????????????????? RBF ?
????????????????????????????????????RBF?
??????????????????????????? MAP??????????
TGTM-RM ???????? TSOM-RM ???????????
TGTM-RM ?????????????????????????? TSOM-RM ?
???????????????????? TGTM-RM ??????? TSOM-RM ?










?????? TSOM-R2 ? TGTM-R2 ??????????????????????
????????????????????? TSOM-R2 ?????????????
??????????????????????
???????????????????????1 ????????? 2 ???
??????????????????????????????????????






















??? ε??????? p(ε) = N (ε ∣∣0, σ2noiseI)????????? z(1)n1 ?z(2)n2 ???
???????????????????? N1 ×N2 ???????????????
?????????????????????????? σnoise = 0.1????
4.1 TSOM??? TGTM?????
?????? TSOM-R2 ? TGTM-R2 ? 4???????????????????
????????? (Root Mean Square Error: RMSE)??????????????
??????????? (1) ??? TSOM-R2 (1 ??????????? 20)?(2) ?
???? TSOM-R2 (1 ??????????? 4??????? Legendre ??)?(3)
TGTM-R2 (1??????????? 20 ???? RBF??)?(4) TGTM-R2 (1??
38 ? 4? ????????? TSOM???
? 4.1 ???????????????????????????????
TSOM-R2 Legendre TSOM-R2 TGTM-R2 with TGTM-R2 with
(20 nodes/mode) with 4 bases/mode 20 bases/mode 4 bases/mode
???? (K1, K2) 20×20
???? (J1, J2) (20×20) 4×4 20×20 4×4
???? (σ0) 2.0 2.0 2.0 2.0
(σ∞) 0.1 0.1 0.8 0.8
???????? (τ) 50
???? (N1, N2) 100×100
????? (σnoise) 0.1
RMSE(20????) 0.0775±0.0037 0.0867±0.0046 0.0693±0.0027 0.0777±0.0019
???? (sec/100 loops) 0.45593±0.00083 0.09796±0.00027 15.3294±0.0057 10.9452±0.0038
* Intel Core i7-2600K (3.40GHz), Visual C++ (single thread)
????????? 4???? RBF ??) ?????????????? 4.1 ????
TSOM???????????????TGTM??????????????????






???????? τ = 50??????? (3.73)??????????????? EM
???????????????????????? t = 600????????????
????????????????????????????????????????










4.1 TSOM??? TGTM????? 39



















































? 4.1 ?????????????(a) ???????? (???????)?(b) ?
????????????????????(c) ??? TSOM-R2??????(d) ?






?????????? TSOM-R2 ??????? TSOM-R2 ?? 5 ????????




40 ? 4? ????????? TSOM???
? 4.2 ???????????????????
TSOM-R2 ????? TSOM-R2 TGTM-R2
???? (K1, K2) 400×400
???? (J1, J2) (400×400) 16×16 16×16
???? (N1, N2) 1,000×1,000
???? (sec/100 loops) 8.45×102 3.38×101 3.91×105




? 4.2(a)?????????????????????? TSOM-R2 ????????
????????????????????
f(z1, z2) =

















?????2 ?????????? 1 ??????????????????????
???????????????????????????????????????
TSOM-R2 ????????????????????????? 4.2(b) ?????
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? 4.2 ????????? TSOM-R2 ????????????????????
??????(a) 3 ????????? TSOM-R2 ???????????????










?????????? (?????????????? 3????????) ?????
????????????????????????????????????????






???????????? 5.1????TSOM-R2 ??????? (???)??? (?
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(a) (b)





?????????? SOM ??????????? TSOM ???????????
????? SOM???????????? U-matrix???? Component Plane??
????????? [44, 45]?Component Plane ?????????????????




??? D(k, k′)  ‖yk − yk′‖??????????????????????????
????????????????????????????????????????
???????? 2??????? TSOM??????
? 5.1 ?????????????SOM ????????? U-matrix ? TSOM
??????????????????? Marginal U-matrix ????TSOM ?











































???? 1??????????????????? f ???? 1??
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?? U-matrix ???? Component Plane ???????????? Conditional
U-matrix?Conditional Component Plane??????? Conditional????
????????????????????????????????????????






?????*2? 604??????? 14???? (?????????????) ? 11
?????? (??????) ????? 5 ????????????????????
?????????? (???)× (??)× (??????)? 3????????????
??????????? Marginal U-matrix ????? 5.4 ????TSOM-R3 ?






















? 5.3 ???????????(a)-(e) ???????(f) ??????(a)-(e) ?
Conditional Component Plane ???????????????????????
??????????????????????????? (f) ????? A-E??
??????????? A?????/????????????????/????
??????????? E??????????????????????????
????? A?? E????????????????? Conditional Component
Plane?????????????
48 ? 5? TSOM?????????????
(a) (b)
(c)
? 5.4 ????????????Marginal U-matrix??????(a) ??? (??
?)??? (b) ?? (??)??? (c) ?????? (??)???
???????Conditional???????????????????????????
??????????????????????????? Conditional U-matrix??







? 5.5 Conditional Component Plane ???????????????/????
??????/???????????? Correspondence overlay ????????
??????????????(a) ????????????????? Conditional
Component Plane???? (????????????? (b)?????????)?
?????????? (???????????????????????)?????
???????????????????????(b) ?????????????
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???????????????????? [46, 47]?



























γn1n2d ????γn1n2d ???? xn1n2d ???
??????????????????????? xn1n2d ?????? γn1n2d = 0 ?
















????????? 6.1????? 6.1(a)????????? TSOM????????
????????????? 90 % ????????????????????????
???????????? RMSE????????? 6.1(b)????????????
??????????????
??????????? MovieLens ??????*2??????MovieLens ???
?????????????????????? 2 ????????????????
???????? MovieLens 100k ???????????? 100,000???????
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? 6.1 ???????????(a) ????????????????????(b)
???????????????? 100×100 ?????1,000×1,000 ??????
??????????? RMSE?????????? (????????????)?
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???????????????????????????????????????



















????????????????????????ys.i.(m)k ????m?? k ????







∥∥∥Yk(m) −U(m)n(m)∥∥∥2 + α(m)Ds.i.(m)
∥∥∥ys.i.(m)k − xs.i.(m)n ∥∥∥2} .
(6.2)
α(m) ????????????????????????????α(m) = 1?????
?????????????????????*4?M?????? ys.i.(m)k ??????
*3 http://www.mlcomp.org/

















??????????????????? xn1n2  f (zn1 , zn2)???????????








??????????? 1??? (??????????) ?????*5????????
????????????????????????????????????????
????????????????????????????????????????
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(a)
(b)
? 6.2 MovieLens??????????????(a) ???????????? 943
???????????????????????????????? Correspondence
overlay ????????????????(b) ?????????????????







(∥∥∥Yk:: −U(1)n::∥∥∥2 + ∥∥∥Y:k: −U(2):n:∥∥∥2) . (6.4)






























? 6.3 ?????????????????????????????? Marginal
U-matrix??????????????????????????????? ID ?









7.1.1 SOM of SOMs (SOM2)????
SOM????????????SOM2(???? SOM of SOMs)?????????









??)???????????????????SOM2 ? Tensor SOM for Hierarchical
data(TSOM-H)?TSOM ? Tensor SOM for Relational data(TSOM-R)??????
*1 SOM2 ??????????????????????????????? section????????
??????? fiber??? [51]?
60 ? 7? ??
?????????????TSOM ???????????????????????
???????????????????????????????????????



















??????? (??) ???????????????????? (???????















???? 1 ???????????????????n2 = n′2 ?
?? ω(1)n1 |n2 = ω
(1)
n1 |n′2 ?????????????? n2 ????? n1 ??????






























n1 |n2 = argmin
k1
∥∥∥yk1k∗(2)n2 : − xn1 |n2 ∥∥∥2 (7.1)
k∗(2)n2 = argmin
k2
∥∥∥Y(2):k2: −U(2):n2:∥∥∥2 . (7.2)
(7.1), (7.2)?????????????? (????? 2???)??????????
??? U(2):n2: ???????? Y
(2)
:k2:
???????????? (????? 1 ???)
?????????????????????????????????












U(2):n2: = X:n2: ×1 R˜(1)n2 (7.5)
Y = U(2) ×2 R˜(2). (7.6)
?????? E,M??????????????
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(a) TSOM-R (b) TSOM-H (c) TSOM-C  (SOM)2 2 2
1 2 1 2
1
2
? 7.2 ????????????????????(a) ?????: TSOM-R2, (b)
?????: TSOM-H2, (c) ?????: TSOM-C2(??? SOM ???)?? 1 ?:
???????????, ? 2 ?: ??????, ? 3 ?: ?????????, ? 4
?: ??????????????? (a)????? 2??????????????




? 7.2 ?? TSOM-R2 ? TSOM-H2 ??????????????????????
TSOM-R2 ?????????????????????????TSOM-H2 ?????

























































TSOM-C2(Tensor SOM for coupled data)????????????????TSOM-C2
??????????????? SOM??????????????????????
?????????????????????????? SOM???????????
??????????????????????? (Blind Source Separation: BSS) ?
?????????? ICA?????????SOM???? ICA?????????
????? [54, 55]????????? ICA????? TSOM-C??????????
???????????????
64 ? 7? ??
???? 3???????????????????????? (a)???(N1N2D)
??????? (N1 +N2)??????????????????? (b)?? (N1N2D)







???? x(n2n3) |n1 ??????3??????????? 7.3??? 5 ??????
????? (?????????????)????????????????????
(a) TSOM-R3, (b) TSOM-HR2, (c) TSOM-RH2, (d) TSOM-H2R, (e)TSOM-H3 ??
?*6??????????????? TSOM-R ? TSOM-H????????????
???????? TSOM-HR2 ??????? (? 7.3(b))?????????
*4 N = N1N2 ?????????????????N1N2D ????????????????????
????????? 2N1N2 ??????????????????????????????????
????????????N1 = N2 = 100?N = 10, 000??????????????? 10,000?
? D ?????????????????????????? (a)??????? 200 ???????









(a) TSOM-R (e) TSOM-H(b) TSOM-HR (c) TSOM-R H (d) TSOM-H R223 32












n1 |n3 = argmin
k1
∥∥∥Yk1:k∗(3)n3 : −U(1)n1:: |n3 ∥∥∥2 (7.7)
k
∗(2)
n2 |n3 = argmin
k2







n1:: |n3 = X::n3: ×2 R˜(2)n3 (7.10)
U
(2)
:n2: |n3 = X::n3: ×1 R˜(1)n3 (7.11)
U(3)::n3: = X::n3: ×1 R˜(1)n3 ×2 R˜(2)n3 (7.12)
Y = U(3) ×3 R˜(3) (7.13)
???? E ?????M ??????? TSOM-R ? TSOM-H ?????????
??????????????????????????????????????
??????????????? 2???????????????????????
???? 7.4???????? (a)???????? 2???????????????
????????????????? MovieLens ??????????????? (c)
???????????????????????????????????????
66 ? 7? ??
(a) (b) (c)
1 2 3 1 2
3
1 2





TSOM ? SOM ???????????????????????????????















7.2 TSOM? SOM??? 67
? (e.g., ???????) ? 2????????????? 2????????????
???????????????????????????????????? (3.25)?
?????????? TSOM??????????????????????????









?? type-I?type-II ?????????????? [24]??????????SOM ?
type-II ???????????????? TSOM ????????type-I ?????




2?? 1????????????SOM? TSOM-C2 ???????????????






????????????????????????????? TSOM ? TGTM?
?????TGTM???????????????????????TSOM?????
??????????????????TSOM ? TGTM ?????????????
??? EM ??????????????????????????????????
???????? TSOM????????????????????????????
???????? TSOM ???????????????????? TSOM ????
???????????????????????????? TSOM????????
?????
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